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Summary 
 
A technique to monitor internal degradation to failure of power devices in real time was proposed. Required compo-
nents for this technique are (1) non-destructive inside imaging, (2) power stress control and (3) device cooling. We con-
structed the system with scanning acoustic tomography (SAT), DC power supply controlled by own made program and 
water cooling system, respectively. In the case of a TO-3P packaged MOSFET, propagation of internal degradations to 
failure was successfully recorded as time series data by using this system. At the present time, the system is modified 
for high power and large size IGBT modules. 
 
 
 
 
1 Failure analysis based on real 
time monitoring 
Downsizing of power semiconductors improves their per-
formance and increases their productivity. On the other 
hand, it increases power density of the devices and leads 
to high reliability risk of them as a consequence. Failure 
analysis is becoming more important to reduce the relia-
bility risk of power devices. In many cases, post-defect or 
interim samples picking out under testing have been used 
for the failure analysis. With this way, it is often difficult 
to identify the real cause of failure because of incidental 
damages especially for high power density modules. A 
real time monitoring of internal phenomena of devices 
under test (DUT) is one solution for this difficulty of the 
failure analysis. By monitoring the internal degradation 
process of DUT in real time, a real trigger point of the 
failure is able to be identified before incidental damages 
propagate to substantially large areas. 
In this paper, a technique to monitor internal degradation 
to failure of power devices in real time was proposed. The 
system was constructed by combining a scanning acoustic 
tomography (SAT), DC power supply controlled by own 
made program and water cooling system. In the case of a 
TO-3P packaged MOSFET under the power stress of 20 
A, propagation of internal degradations to failure was 
successfully recorded as time series data. The system is 
modified for a high power and large size IGBT modules 
at the present time and some fundamentally tests have 
been done. 
 
Figure 1  Components of the real time degradation monitoring system 
Typical image of SAT
2 Real time degradation monitoring 
system for power devices 
Required components to the real time monitoring of in-
ternal phenomena of DUT are (1) non-destructive inside 
imaging, (2) power stress control and (3) device cooling 
as shown in Figure 1 and 2. 
Scanning acoustic tomography (FineSAT FS100 III, Hita-
chi Power Solutions Co., Ltd.) was employed as an imag-
ing tool for internal process of DUT. The SAT is widely 
used for the failure inspection of the power devices by 
means of non-destructive imaging with ultrasonic wave 
[1-8]. Inside images of MOSFET or IGBT was observed 
by 50 MHz and 20 mm focal distance transducer through 
from the base plate substrate. The DUT was attached to 
the view window at the bottom of an original water tank 
because couplant water for ultrasonic wave propagation is 
necessary for SAT imaging (Figure 3). 
Power stress was applied to the DUT by a 16 kW DC 
power supply (PAT30-532TM, KIKUSUI ELECTRON-
ICS Corp.). The power stress sequence was programed 
through an original GUI written by LabView (National 
Instruments). Figure 4 shows a switching system was in-
serted between the output of the power supply and DUT. 
This switching system has four contactors (GX16, 
GIGAVAC) with bridge connection. The contactors are 
controlled by TTL signal form PC and enable to isolate 
DUT from the power supply mechanically and also enable 
to change a polarity of the bias applied to the DUT. 
The temperature of DUT was controlled by using the 
couplant water. Cooled water from a chiller was lead to a 
radiator attached at the bottom of the water tank and the 
radiator cooled down the couplant water in the tank. The 
cooled water in the tank was flowed to the DUT surfaces 
with water jet generated by a pump and a jet nozzle to 
keep the DUT surface temperature. The water jet also 
suppressed a local convection at the surface by self-
heating of DUT which degrade the SAT image. The tem-
perature of the base plate of DUT and that of water in the 
tank were monitored by fiber optic temperature sensors 
during the measurement. 
The device cooling manner of this system using sur-
rounded water is much different from that of actual power 
devices under operating. One typical parameter enabling 
to compare these power stress condition is the tempera-
ture swing Tj, is given by the temperature difference be-
tween maximal junction temperature Thigh at the end of 
the heating phase and the minimal junction temperature 
Tlow at the end of the cooling interval [9,10]. To estimate 
the junction temperature, temperature sensitive parame-
ters (TSP) of devices was measured by the system. The 
TSP, such as on-state voltage drop of IGBT at low current 
 
Figure 2  Internal degradation monitoring system 
 
 
Figure 3  DUT preparation and its setup in the SAT 
stage 
 
 
 
Figure 4  Switching system construvcted by TTL 
controll contactors 
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or freewheeling diodes, are often utilized for measuring 
the Tj. The switching system between the power supply 
and DUT enables these different current polarity meas-
urements. 
3 Results of real time internal deg-
radation monitoring 
Internal degradation process to failure of a TO-3P pack-
aged MOSFET during power cycling test was successive-
ly recorded by the real time monitoring system. Figure 5 
is a series of snapshot captured in a time series when 
mean power stress of 134 W (24A) was applied to the 
DUT [8]. In this case, an internal change was observed at 
the edge of the chip after 20 cycle power stress (see the 
snapshot 1 in Figure 5) and it propagated to wide area. 
After about 100 times power cycling, other damage sud-
denly occurred at the bonding site (see the snapshot 6), 
and then this device was broken after more 20 times pow-
er cycling. If a post-defect device is used as a sample for 
failure analysis, we can do only imagine a cause of the 
failure from the snapshot 8. On the other hand, using the 
real time monitoring technique, we can obtain evidence 
for real cause of the failure with tracing the internal deg-
radation process in a time series. 
The system is modified for high power and large size 
 
Figure 5  Internal degradation process to failure of 
MOSFET captures by the real time monitoring system 
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Function
Low power system
(TO-3P)
Modified to High power system
(IGBT module)
Power stress applied system 30A (～400W) 500A (～16kW)
Device cooling
1.2kW chiller
with aluminium pipe radiator
5kW chiller
with two flat radiators
Temperature monitoring
Base plate & water
(Fiber optic temperature sensor)
& Junction temperature (TSP)
Water proof of devices Capsuled in a water-proof holder
Attached directly to the bottom of
original made water tank  
Table 1  Main points of modification to high power and large size IGBT modules 
 
 
 
Figure 6  Internal SAT images of the DUT obtained under the different load current. The biased high-side chip is 
observed in the right side region of each image. The inside photograph is upset the top and bottom to adjust to these 
SAT images observed from the base plate substrate. A rectangular shadow in the bottom center is a shadow of 
adhesive tape to settle the temperature sensor. 
IGBT modules at the present time. The main points of 
modification are listed in Table 1. Some fundamentally 
tests have been done with an IGBT module which maxi-
mum rating of collector current was 400 A (DC). A con-
stant gate-emitter voltage (VGE) of 15 V was applied to 
only the high-side IGBT and the high-side emitter was 
grounded. The load current to the collector was switched 
by DC power supply with a programmed sequence. Fig-
ure 6 shows SAT images of the DUT obtained under the 
power stress of 50 A and 200A. Four acquisition gates of 
reflected echo were configured from the base plate sub-
strate to obtain SAT images of different interface region. 
It took 16 s to obtain one frame of the SAT image of 75 
mm  35 mm region with 500 m resolution, therefore 
the load current sequence was configured 30 s turn-on and 
turn-off cycle. Comparing with the images under the load 
current was turn-on and turn-off, any remarkable image 
degradation has not been recognized even under the 200 
A load current. This result is also confirmed by the fact 
that the quality of image is not differ between the biased 
high-side region and the low-side region under the 200 A 
load current flow. Some dark spots (pointed by black ar-
row in Figure. 6) of tiny bubble appeared on the image, 
but it is able to solve by optimizing the water jet system.  
The temperature of surrounded water under the load cur-
rent of 200 A was gradually elevated and finally settled at 
around 25 C. The base plate temperature indicated the 
same behaviour with a vibration in 5 C followed by the 
load sequence and finally saturated between 24 and 30 C. 
Although this temperature behaviour did not affect the 
SAT image in this demonstration, its influence could be-
come obvious when the high power stress is applied. 
This system successfully monitored larger area over 26 
cm
2
 than our previous demonstration [8] with sufficient 
resolution and frame rate of 500 m and 4 frames / min, 
respectively. We have also confirmed the frame rate is 
improved more than four times with an arrayed transducer 
[11]. 
4 Conclusion 
Real time monitoring of internal degradation to failure of 
power semiconductor devices was demonstrated and suc-
cessfully identified a real trigger point of the failure of a 
TO-3P packaged MOSFET. The system was modified for 
high power and large size IGBT modules and it confirmed 
that the system able to apply high power modules.  
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